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Pragmatic introduction to ALPs

ALPs are pseudoscalars predicted by GUTs and String Theory
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Motivations to study ALPs

ALPs are a window on high-energy physics

This hot topic is a motivation for interdisciplinary searches
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Core-Collapse Supernovae
For massive stars (M > 8M�) the nuclear fusion produces heavy

elements in an onion structure and a degenerate iron core

Iron in the core cannot be burnt and the star starts to collapse
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Orders of magnitude for SNe

The SN core is an extreme environment
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ALP production channels
G. Lucente, PC et al., JCAP 12 (2020), 008

ALPs are coupled with photons and are produced by:
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SN ALP phenomenology: decay of heavy ALPs
JCAP 01 (2011), 015 , Phys. Rev. D 98 (2018) no.5, 055032 , JCAP 03 (2023),

054
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The case of SN 1987A
An 18 M� type II SN in the Large Magellanic Cloud (51.4 kpc) on

February 23, 1987

7



No γ-ray excess from SN 1987A
S. Hoof and L. Schulz, JCAP 03 (2023), 054

The GRS instrument found no γ-ray excess in coincidence with SN

1987A
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Expected ALP-induced γ-ray signal
Energy and time-dependence of simulated spectra
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Revisiting the SN decay bound
E. Müller, PC et al. JCAP 07 (2023), 056

The latest SN 1987A bound on decaying ALPs
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Application to SN 2023ixf

An ∼ 11 M� type II SN in M101 (6.85 Mpc) on May 18, 2023
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A lot of interest in SN 2023ixf

I C. D. Kilpatrick et al. �SN 2023ixf in Messier 101: A Variable Red
Supergiant as the Progenitor Candidate to a Type II Supernova,�
Astrophys. J. Lett. 952 (2023) no.1, L23

I L. A. Sgro et al. �Photometry of Type II Supernova SN 2023ixf with
a Worldwide Citizen Science Network,� Res. Notes AAS 7 (2023),
141
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What if ALPs from SN 2023ixf give rise to a γ-ray signal?

Fermi-LAT observation in direction of SN 2023ixf in the range

[30 MeV, 300 GeV]
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... it doesn't look to be the case :(

Fermi-LAT bound on heavy ALPs from SN 2023ixf
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Conclusions
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